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Background: In 1985 my became aware that the smoking of parents aggravates their children's 
asthma. Stnce then my have advised all referring doctors to urge parents not to expose their 
asthmatic children to smoke. 

Methods: We investigated 807 nonsmoking asthmatic children, from I through 17 years of age. 
who were consecutively referred between 1983 and 1990. We compared the children who were 
seen before July 1986 with those seen after that date. 

Results: Those seen in the later period had intimate exposure to a far smaller number of 
cigarettes smoked per day. both by mothers (7 vs 3, p = 0.005) and hy fathers (5 vs 2 . 
p =■ 0.001). A concurrent improvement was observed in adjusted measures of asthma severity 
in their children <asthma score 7J vs 6.5. p = 0.047: forced expiratory volume m I second 
as a percent of predicted jFE\', r IcJ 79.2 vs 93.7. p E 0.000; and forced expiratory flow rate 
during middle half of forced viial capacity / FEF : ,.. 67.3 vs 82.0. p = 0.009). and for even 

cigarette less smoked in the room with the child the FEV, increased bx 3 %. When parents of 
those seen in the later period were asked whether they had hern told that smoke would 
aggravate their child's asthma. 80 r * affirmed that they had. The difference in asthma seventy 
between the two time periods was much less in children of non smokers than in children of 
smokers. 
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Surveys of asthmatic children performed before 
1986 report more severe symptoms and Idwer lung 
function test results if the children are exposed to 
smoke in the home. 1- ' Both the medical profession 
and the genera! public have become aware that smoke 
aggravates asthma, This is particularly apparent in the 
province of British Columbia where articles on the 
subject have been published in the medical'and in the 
lay press, 5 * and where all doctors who refer patients 
to the allergy clinic at Children's Hospital in Van¬ 
couver have. since 1985, been urged to counsel par¬ 
ents of asthmatic children never to smoke when in the 
home. 
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Abbreviations used 

FVC: 

Forced vital capacity 

FEY,; 

Forced expiratory volume at 1 second: 

FEV, 1 *: 

Ratio of forced expiratory volume in. 1 
second to forced vital capacity 

FEF . v» ■ 

Forced expiratory flow rate dunne the 
middle half of the forced vita) capacity 

PC,,: 

Provocation concentration of aerosol¬ 
ized histamine necessary to cause a 20** 
fall in FEV, 


Since 1983 we have been gathering data on passive 
smoking and on asthma severity in children who have 
attended our clinic. From 1983 until 1986 we observed: 
more severe asthma in children of smokers than mi 
those of nonsmokers, but since 1986 there has been: 
a marked lessening in the severity of asthma in chil¬ 
dren of smokers, their asthma being no more severe 
than that in children of nonsmokers. It appears likely 
that much of this improvement is the result of the 
parents' awareness of the harmful effects of smoke. 
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and a consequent decrease in exposure of asthmatic 
children to smoke. 

MATERIAL AND METHODS 

The senes included every child with asthma, 1 to 17 years 
of aec. who had been referred to the allergy clinic at the 
Children s Hospital in Vancouver, British Columbia, be¬ 
tween Nov. 1 , 1983; and June 30. 1990 and had been seen 
by A.B M.. one of two pediatric allergists who conduct 
alternate sessions at the clinic. All patiems. new and old, 
were included in the series. The history, physical findings, 
and special investigation results used in the study were those 
recorded at a single visit. The parents were contacted 2 
weeks before the appointment and then again 48 hours be¬ 
fore the appointment and were instructed as to which med¬ 
ications to withhold so that these would not decrease bron¬ 
chial responsiveness to histamine and skin test reactions. 

Questionnaire 

A trained interviewer asked standardized questions of the 
accompanying adult. Ih 99<* of cases this was a parent, and 
in 92*2- of cases it was the mother, either alone or accom¬ 
panied by the father Parents were asked how many days 
during the past year the child had wheezed and had taken 
medication, whether corticosteroids had been given, 
whether the child wheezed on exertion, and how severe they 
thought the child's asthma had been. Each of their answers 
was given a number according to severity, and the sum of 
these numbers was the asthma score' (Appendix). In ad* 
dition. they were asked about other features that might' im 
ftucnce the severity of asthma, variables such as age oflonsct 
of asthma: number of respiratory infections, and the pres^ 
cncc of animals in the house. 

The last question^ to the accompanying parents were 
about smoking. They were asked how many cigarettes each 
of them smoked!per day. the total number and the number 
smoked when in the house.* From June 1985 to June 1986 
they were also asked how many cigarettes they smoked when 
in the same room as the child: This question was discon* 
unued at the end of June I9K6 because parents hesitated 
considerably longer m answering this question than any 
other question, and because the correlation of asthma se¬ 
verity with this number of cigarettes was not significantly 
greater than with the number smoked when in the home. 
By 1988. however, it became obvious that parents were 
smoking fewer cigarettes when in the same room with their 
child than parents had dhne previously. Therefore this ques¬ 
tion was re introduced to our standard questionnaire in Jan¬ 
uary 1989. 

Finally, the child was asked privately whether or not he 
or she smoked The seven children who admitted to being 
smokers were excluded from the study. Also excluded were 
live who had cystic fibrosis and one who had marked gas¬ 
troesophageal reftux. 

Skin prick tests 

By use of a standard method skin prick tests were per¬ 
formed 1 with a negative (saline) and 1 positive (histamine) 
control solution.*'extracts of Vh DrnmtJophaRnidex Jorirute 
and D pifronywirwv (Bencard Division of Bcccham Lab¬ 


oratories. United Kingdom), and dog and cat hair (Hollister 
Stier. Spokane. Wash.) These and the other tests were per¬ 
formed by a technician who had no knowledge of the smok¬ 
ing habits of the family. 

Forced expiratory spirogram 

Children who were 6 years of age and older performed 
forced expiratory maneuvers until there were three record 1 
mgs in which the forced vital capacity (FVC) agreed within 
This was achieved in five or fewer efforts by all excepi 
eight children. In these children who produced an acceptable 
spirogram, the tracing that had the greatest sum of FVC and 
forced expiratory volume at one second (FEV,); was used 
for all measurements.* The FVC, FEV,. and the forced 
expiratory flow rate during the middle half of the FVC 
( FEF 2s ,.,„) were expressed as a percentage of the predicted 
mean for age. sex, and height. 10 

The spirogram was recorded with Pui manor: Datamite III I 
and Datamite V spirometers ( Jones Medical Instrument Co.., 
Oak Brook. 1111); all of whichiwere calibrated!weekly with 
a known volume of carbon dioxide discharged at a standard 
velocity from a Jones Calibrator. The results were analyzed! 
and primed by Datamatic computers (Jones Medical In¬ 
strument Co.) that were connected to the spirometers. 

Bronchial responsiveness to histamine 

A bronchial challenge test was performed on the children 
who were 7 years of age and older, except for those who 
had taken bronchodilators or antihistamines so recently that 
there was a risk of the test results being affected, those who 
reported a cold or respirators- infection within the preceding 
2 weeks, and those whose FEV. was less than I L in volume 
or was less than 60^- of predicted lvalue. One hundred sev¬ 
enty-eight subjects were tested. Wc used a modification of 
the protocol of Cockcroft ct al.‘ 11 to give the paneni’s 
responsiveness to histamine acid phosphate aerosol gener¬ 
ated by air flowing at 8 L. min through a Wright nebulizer 
(Aerosol Products Ltd.. London. England). Doubling com 
ccntraiions were administered by,a loosely fining mask until 
wc reached the provocation concentration required to cause 
a 20^ decrease in FEV, (PC*,). The strongest concentration 
administered was 8 me/mL. Children whose FEV, did not 
decrease by 20 f * when this concentration was administered 
were eliminated from analyses of bronchial responsiveness 
There were few such children. Two of the children had 
mothers who smoked, and! M 1 had mothers who did not 
smoke. Informed consent was obtained from the parents or 
guardians of the children who served as subjects for this 
investigation. 

Expired air carbon monoxide concentration 

To verify that subjects who claimed to be nonsmokers 
were being truthful, the carbon monoxide (CO) levels in 
expired air were measured on all children who were 9 years 
of age and olden and were seen in 1988. 1989. and 1990 
A her 10 seconds of brcathholding. the subject blbw- into a 
VitaJor CO monitor (Vi talograph, Medical instrumentation. 
Buckingham. England).The monitor was calibrated 
weekly None of those who claimed to be nonsmokers had 
a CO level higher than 8 ppm. whereas all who admitted 
to being smokers did 
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Smoking Mothers 


No. ct0»JO»y 



P=0.6 Pr0.09 P=0.005 


FIG. 1. Number of cigarettes smoked per day by mothers 
who smoked. Number smoked in total and when in the 
house was known for 204 of the 205 mothers, anc number 
smoked when in the same room as the child known for 
all 93 children seen from June 1, 1985, through June 30. 
1986. and from Jan. 1. 1989. through June 30, 1990. 


Statistical analysis 

After exclusion of the children who were themselves 
smokers, those with cystic fibrosis, and the one who had 
marked pastroesophaecal reflux, 807 remained. Four hun¬ 
dred fifteen of these were seen before July 1986. and 392 
were seen after July !986i Henceforth these will be referred 
to as the earlier and the later groups. 

In a preliminary analysis. Student t tests were used to 
test'the difference between means, and Pearson product- 
moment correlation coefficients were calculated to measure 
the association between the measures of asthma severity and 
the logarithms of the number of cigarcrtes the mother, or 
father smoked. For the main analysis, analysis of covariance 
(ANCOVAJ was used The model incorporated two factors, 
sex and time period (before or after July 1986) and two 
covariates. age and age of onset of asthma. Then, to account 
for smoking exposure, the logarithm of the number of cig¬ 
arettes the mother smoked when in the same room as the 
child: and the logarithm, of the number of cigarettes the 
father smoked when; in. the same room as the child, were 
included!as covariates in one of the analyses of those chil¬ 
dren who had a parent who smoked. The number available 


for the main analysis was 570 because information on the 
number of cigarettes smoked when in the same room as the 
child had been sought only during the periods Jbnc 1985 
through June 1986 and January 1989 through June 1990 . 

RESULTS 

Two sets of analyses were performed. The first was 
a preliminary one to determine whether parents were 
smoking fewer cigarettes and whether there had been 
a concomitant lessening in the severity of the chil¬ 
dren's asthma. After this a second analysis was carried! 
out to assess if the change in asthma severity could! 
be explained by the change in the parents' smoking 
habits. This was done by integrating the smoking and! 
asthma severity data in analyses of covariance. 

Preliminary analysis 

The preliminary set of analyses showed that al¬ 
though there was little change in the total 1 number of 
cigarettes the parents smoked per day when comparing 
the earlier and later periods. 17 versus 16.bv mothers 
Ip ~ 0.6) and 20 versus 19 by fathers ip = 0,3). 
the mean number of cigarettes smoked! when in the 
same room as the child decreased markedly. 7 versus 
3 by mothers (p - 0.005) and 5 versus 2 by fathers 
(p « 0.001. Fig. 1. Table I). Concurrent with the 
lessened exposure to the mothers' smoke there was a 
marked improvement in the children's lung function 
(Fig. 2. Table IF A). A similar but lesser improvement 
was observed in children whose fathers smoked (Tablfc 
II B). Not only was there evidence of much better air 
flow in those seen in the later than imthe earlier period, 
but a dose-response gradient was also present: the 
conditions representing this gradient arc given in 
Table III. As well, significant conelations occureed 
between the number of cigarettes the mother 
smoked in the house and the child's asthma score 
(p = 0.021)1 FEV\9c (p = 0.01H). and FEF : *.. 
ip = 0:046). although not the logarithm of the PC> 
ip - 0:43). 

To determine whether a difference in some other 
parameter might be contributing to the apparent im¬ 
provement that occurred in smokers' children, the 
means of other possibly relevant variablfcs were com¬ 
pared for children seen in the two time periods. They 
were the following: age. sex. presence of allergic nasal 
symptoms, a history of atopic dermatitis, a family 
history of asthma, number of siblings, recent respi¬ 
ratory infection, number of colds per year, ownership 
of a dog by children with a positive skin test to dbg. 
ownership of a cat by children with a positive skin 
test to cat. positive skin test to house dust mite, age 
of onset of asthma, wood stove used for heating the 
house, and a gas range used for cooking. The means 
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TABLE I. Number of cigarettes smoked by parents of:children seen before and after July 1986 



No. of cigarettes per day 



Mean and SE 



Before July 1986 

After July 1986 


Measurement 

(no. subjects) 

(no. subjects] 

2-tail probability 

Mother 




Total no. 

16.6 r 1.0(92) 

15.9 0.8(113) 

0.568 

At home 

III .0 i 0.8 (80) 

9.0 0.7 0 13) 

0.060 

Same room with child 

6.6 0.9 (40) 

3.4 0.6 (53) 

0.005 

Father 




Total no. 

20.2 ± J.l (i 18) 

18.8 = 0.9 (135) 

0.329 

At borne 

8.3 =: 0.6 (99) 

6.1 = 0.5 (133) 

0.004 

Same room with child 

4.6 - 0.6 (47) 

2:0 = 0.4 (64) 

0.001 


Number* given arc iota) number smoked per day. number smoked when in the house, and number smoked when in the same room as the 
child. 


TABLE II A. Unadjusted means of indicators of asthma severity in 807 children seen before and 
after July 1986 


Before July 1S86 After July 1986 




No. 



No. 

2-tail 

Measurement 

Mean 

SE subjects 

Mean 

SE 

subjects 

probability 

Mother smoker 







Asthma score 

8.2 

0.3 92 

5.8! 

0.2 

112 

0.000 

FEV,* 

77.3 

2.1 69 

91.3 

IL5 

59 

0.000 

FEF«,.^ 

59.5 

3.1 69 

8.1.0 

3.1 

59 

0.000 

Log PC.., 

Mother nonsmokcr 

- 0.23: 

0.27 26 

041 

0.27 

24 

0.098 

Asthma score 

6.4 

0.2 321 

6.6 

0.2 

275 

0:51 

FEV/a 

84.4 

U 224 1 

90 K 

!.: 

148 

0.000 

FEF...... 

71.7. 

1.8 224 

794 

2.0 

148 

0.005 

Log PC., 

0,44 

0.14 66 

0:26 

0j2 I 

46 

0.450 

Data lor asthma score or mother's smoking status 

unavailable on seven 

subjects 




TABLE II B. Unadjusted means of indicators of asthma severity in 807 children seen before and 

after JUly 1986 








Before July 1986 

After July 1986 





No. 



No. 

2-tail 

Measurement 

Mean SE 

subjects 

Mean 

SE 

subjects 

probability 

Father smoker, 







Asthma score 

7.1 0.3 

1 IK 

6.5 

0.2 

134 

0.065 

FEV-,«S 

80.2 2 0 

84 

95 0 

1.7 

64 

0.000 

FEF : ... , 

67.1 3.0 

84 

84.1 

2.8 

64 

0.000 

Log PC>, 

0.12 0ili8 32 

0 74 

().2h 

23 

0.050 

Father nonsmokcr 







Asthma score 

6.7 0.2 

2H3 

6.3 

0.2 

253 

0.183 

FEV.S 

84.2 1.0 

201 

90.1 

1.2 

143 

0:000 

FEF....... 

70.0 11.8 

201 

7X0' 

2.1 

143 

0:004 

Log PC;., 

0132 0 17 60 

0 10' 

0.20 

47 

0 403 


Dam lor asthma score or lather's smoking status unavailable tinlVsuhieeiv 
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FIG. 2. indicators ol asthma severity in children of mothers who smoked. 


were similar for all these variables except for age; 
those seen during the later period were, on average. 
2 years younger than those seen during the earlier 
period (p < 0.01). The probable reason for this dif¬ 
ference is that some of those seen in the earlier period 
were children whose first visit to the clinic had been 
before the start of the study, whereas those seen ini 
the later period were all new patients. 

Main analysis 

Three analyses of covariance were carried out for 
each of the four measures of asthma severity. One was 
on children of nonsmokers, and the other two were 
on children of smokers. The overall purpose of the 
analyses was to determine changes in asthma score 
and in lung function test results after adjustment for 
variables found previously to affect asthma severity. 
These variables were sex. age, and age of onset of 
asthma. 15, w The model incorporated sex and time pe¬ 
riod as the factors and age and age of onset as co¬ 
variates in the three analyses. In the second analysis 
on smokers" children we included the logarithm of the 
number of cigarettes the mother smoked when with 
the child and the logarithm of the number ofeigarettes 
the father smoked when with the child. The results of 
the 12 analyses are givem in Table IV. The first two 
columns indicate that smokers' children (column 2), 
compared with nonsmokers* children (column 1), had 
greater improvement in asthma score and in spiro- 
metrie rest results across the lime period. The third 
column indicates that this difference across the time 
periods in smokers' children is decreased if the num¬ 


ber of cigarettes smoked when with the child is takem 
into account, as would be expected if exposure to the 
parents* cigarette smoke is a reason for the difference. 

No significant improvement in PC : „ was seen across 
the time periods in cither nonsmokers' or in smokers* 
children, but in the smokers' children the meamvalues 
of the Ice PC y , were higher in the later period. 

DISCUSSION 

Since we became aware, in 1985. that asthma is 
aggravated by secondhand smoke we have beeni ad¬ 
vising all our referring doctors to urge parents who 
arc smokers who have asthmatic children not to expose 
their children to their smoke.' Although the parents 
we have seen after July 1986 have continued to smoke 
the same total number of cigarettes as those seen.be¬ 
fore July 1986, they seem to have respondedito their 
doctor's advice and to increased general awareness of 
the ill effects of secondhand smoke: they have smoked 
fewer cigarettes when in the house, and considerably 
fewer cigarettes when in the same room as their child. 

QHTcurrem with the diminished exposure to smoke 
a^decrease in the seventy of asthma in children of 
smokers is shown by a significant decrease in the 
asthma score and a marked increase in the FEV,9fc, 
jand FEF ;vJ Bv entering into the model the nunv 
ber of cigarettes the mother and father smoked each 
day in the child's presence, the differences between 
spirometric values recorded before and after July 1986 
were decreased, indicating that diminished exposure 
to cigarette smoke was an imponani factor in the im¬ 
provement observed in,the spirometric test values. As 


r 
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TABLE HI. Correlations between numbers of cigarettes smoked per day while ini the same room as 
the child and indicators of asthma severity 


Measurement 


Mother 



Father 


r 

n 

P 

r 

n 

P 

Asthma score 

019 

93 

0.037 

-0.040 

111 

0.337 

FEV,% 

-0.32 

59 

0:008 

-0.344 

67 

0.002 

FHF 299 .751 

-0.30 

59 

0.010 

-0.234 

67' 

0.028 

Log Pc» 

0.11 

23 

0.308 

-0:061 

17 

0:408 


Number of ciganenes smoked when in the same room as the child recorded only for patients seen from June 1. 1985. through June 30. 
1986. and from Jam IL 1989. through June 30j 1990. 


a result of including in the model the regression on 
the number of cigarettes, the FEV, improved by 3%. 
(gjjb verage. for each decrease of one cigarette the 
goiter or father smoked when in the room with the 

t-ighty percent of the parents who were questioned 
about their smoking after 1988 said that they had been 
told by their doctor not to expose their child to smoke, 
and thar they attempted to avoid doing so by smoking 
outdoors or in another room or by using maneuvers 
such as smoking bv an open window or blowing their 
smoke into the fire or into the exhaust fan in the 
kitchen. Unfortunately, we had not previously asked 
this question; it was suggested to us after 1986 by 
increasing numbers of parents who volunteered this 
information on being asked how many cigarettes they 
smoked in the same room with the child. In children 
seen after 1986. therefore, it is probable that in many 
cases the true exposure to cigarette smoke was even 
less than was indicated by the number of cigarettes 
smoked when in the same room as the child. If parents 
who were questioned after 1986 had not used avoid 1 
ance measures it is likely that the correlation between 
the number of cigarettes smoked and asthma severity 
would have been even stronger, and that incorporating 
the number of cigarettes into the model (Table IV; 
column 3) would have reduced even further the dif^ 
ferences between spiromerric measurements recorded 
before and after July 1986i 

Not only was asthma less severe in smokers' chil¬ 
dren who were seen after July 1986 1 but also their 
lung function measurements were no longer lower 
than those found in nonsmokers' children. This large 
degree of improvement may be explained by smoke 
having caused the asthma, as well as aggravating 
asthma, in some smokers' children. Where smoke is 
the cause of asthma the wheezing should be expected 
to cease, or greatly improve, when exposure to smoke 
stops or lessens Smoke certainly seems:to be a cause 
of asihma in children who have had atopic dermati¬ 


tis. 13 As well, Barbee et al.’ 6 found that the prevalence 
of wheezing decreased in adults who stopped smok¬ 
ing; the decrease was particularly marked in those who 
had negative skin tests to common local airborne al¬ 
lergens. This disproportionately lkrge decrease of 
wheezing in subjects with negative skin tests suggests 
that they had stopped wheezing because the cause of 
their asthma, cigarette smoke, had ceased, but some 
who had positive skin tests still wheezed because of 
continued exposure to their specific allergen. The ah 
lergen that most commonly causes asthma in our area, 
and in other places is house dust mite. n; '* and a 
positive skim prick test reaction to mite was consid¬ 
erably more common in our asthmatic children whose 
mothers were nonsmokers than in those whose moth¬ 
ers were smokers: the proportions were 42 % and 289c. 
respectively ip = OiQ'l).. It is therefore likely that 
when smoke exposure decreased, those whose asthma 
was caused by smoke improved more than those 
whose asthma was caused'by mites. Because mite 
allergy was more common in nonsmokers than' in 
smokers' children, it is understandable that, asihma 
severity could become comparable in the two groups, 
or could become even less severe in smokers ' children. 

Cigarette smoke from the parents appears to ag¬ 
gravate the children's asthma more than does cigarette 
smoke from other sources (Murray AB, Morrison BJ. 
Unpublished data), but it is nonetheless possible that 
secondhand smoke from other people also has an ef¬ 
fects The latter type of exposure is difficult to quan¬ 
titate; parents seldom know' how- many cigarettes their 
children are exposed to at day-care centers, at baby¬ 
sitter's homes, and in public places. It is probable, 
however, that such exposure has progressively de¬ 
creased as public awareness about the ill effects of 
smoke pollution has become more general; as smoking 
in public places has been banned; and as the preva¬ 
lence of smoking in Canada has decreased. Between 
1986 and 1989 the average number of cigarettes 
smoked per person per day has decreased from nine 
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TABLE IV. Indicators of asthma seventy: mean values adjusted for sex, age. and age of onset 
of asthma 



Column 1: neither parent 
smokes 

July 1986 
before vs after 

Column 2: either parent 
smokes 

July 1986 
before vs after 

Column 3: either parent 
smokes 

Adjusted for cigarettes* 

July 1986 
before vs after 

Asthma score 

6.45 vs 6.6: 

7.48 vs 6.49 

7.50 vs 6.48 


(n = 4)8. p = 0.55) 

(m = 146. p = 0.047) 

(n = 146. p = 0.064) 

FEV,* 

84.7 vs 89.9 

79.2 vs 93.7 

80.8 vs 92.2 


<h = 260. p * 0.005) 

in = 93./> = U.0CK)) 

(/ll . 93. p e 0.003)' 

FEF-v; tv. 

71.2 vs 77.6 

67.3 v.s 82.0 

68.7 vs; 80.65 


Oi * 260. p = 0.04:1 i): 

l/j = 93. /> * 0.009) 

( fIi = 93,p = 0.052)' 

Log PCv, 

0.41 vs 0.16 

0:18 vs 0.32 

0.21 vs 0.30 


in « 71. p = 0.45) 

(n = 30. p = 0.78) 

in = 30. p = 0.84) 


"Adjusted for ihc number of cigarette* parents smoked when in the same room with child Number recorded on patients seen from June 
1. IWtf. through June 3ft >, I9K6. and from Jan. I. I9KSI. through June 30. 1990 


to seven. *" This decrease may have accounted for some 
of the improvement observed in nonsmokers* children 
as well as in smokers' children. Not surprisingly, how¬ 
ever. the improvement was much greater in those 
whose parents were smokers. 

When comparing mean PC*, values before and after 
July 1986 in our population of smokers’ children as 
a whole, significant improvement occurred in the later 
period for children of fathers who smoked but not 
those of mothers who smoked. Aik), no significant 
correlation occun-ed between the number of cigarettes 
the mother or father smoked and the child's. PC*,. A 
reanalysis of the data, including children whose bron¬ 
chi did not respond significantly to 8 mg/ml hista¬ 
mine. produced similar results. This lack of correlo¬ 
tion is unexpected because a significant correlation 
between the number of cigarettes smoked by the 
mother and bronchial responsiveness in the child has 
been reported in studies performed before 1986 by 
us/ 13 and a significant difference between the bron¬ 
chial responsiveness in children of mothers who 
smoked and those who did not has been observed bv 
O'Connor et al. 3 and by Martinez et al. 4 A possible 
explanation for the lack of association in our present 
population is that lifelong exposure to a chemical in 
the parents' cigarette smoke had induced long-lasting 
hypenresponsiveness in some of the children's bron* 
chi, a hyperresponsiveness that was not reversed by 
a comparatively recent decrease in exposure to smoke 
pollution. Adults with chemically induced hyperre¬ 
sponsiveness. and whose exposure to the chemical has 
ceased, often have a normal FEV, but a persistently 
abnormal PC*,. 30 ’ 

Because factors other than smoke may possibly 


have influenced our results, they should also be con¬ 
sidered! One is that air pollution may have decreased 
over the study period. However, no change occurred 
in 0*. SO : . and NO; levels monitored daily throughout 
the study period at 11 sites in the Greater Vancouver 
Regional District? 11 (Bates DV. 1992. Unpublished 
data): Another is that exposure to airborne allergens 
may have decreased with lime. Although this possi¬ 
bility cannot be ruled out. we detected no obvious 
difference between the two time periods im the 
amounts of pollens that we trapped by the gravity 
method, and in smokers’ children the frequency and 
size of positive skin lestreactions to mite were slightly 
greater in the later than in the earlier period. A third 
factor to be considered is the increased!frequency with 
which corticosteroids have been given to asthmatic 
patients in recent years. Use of corticosteroids by chil¬ 
dren of nonsmokers increased. 89r of them used them 
in the earlier period and 159c took corticosteroids in 
the later periodl and it is likely that this more frequent 
use of corticosteroids contributed to the improved spi- 
romctric measurements that were observed in children 
of nonsmokers who were seen after July 1986. in 
children of smokers, by contrast, a marked decrease 
of frequency occurred with which corticosteroids were 
used by those seen in the later than in the earlier period 
(20% vs 5%. p * .00), This significant decrease is 
further evidence that severity of asthma lessened in 
smokers’ children when they were exposed to fewer 
cigarettes. Fourth, the pattern of use of another class 
of medication may also have changed, that of the beta- 
agonist bronchodilators. We have no data oni these 
bronchodilators specifically, but'this was the class of 
medication most commonly used by the patients that' 
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had'been referred to us. and medication use is reflected 
in the asthma score (Appendix). When comparing the 
ifcter with the earlier time period, the asthma score 
decreased' significantly in children of smokers, but 
increased slightly in the children of nonsmokers, the 
children who made up the large majority of our sub* 
jects. Fifth, it is possible that parents underestimated 
the number of cigarettes to which they exposed their 
children each day, particularly during the later penod. 
We do not think that untruthful reporting caused a 
serious bias because 7-year-oid children are nowadays 
usually well aware of the harmful 1 effects of smoking 
and are quick to correct their parents* estimate if the 
reported number of cigarettes is falsely low. As well, 
a highly significant'correlation occurred between the 
number of cigarettes reported and the spirometric test 
results. Sixth, we have no objective data on the fre¬ 


quency of viral respiratory' infections, but we did in¬ 
quire about the frequency of colds. These were re¬ 
ported to be slightly more frequent in the Idler than 
in the earlier penod in smokers* children'. 

^ffhert is evidence that since 1986 an increasing 
awareness of the harmful effects of secondhand smoke 
has caused parents to smoke fewer cigarettes when 
withitheir asthmatic children, and that the resulting 
decrease in exposure has been associated! with a 
r&^d improvement in the severity of asthma of the 
soakers* children who have been referred to our 
C&tL 

We thank Janice Fuller. RN. for asking the standardized 
questions. Mrs. Huguctic Brown and Mrs. Radana Vaughan 
for performing the tests, and Mr. Ronnie Sizto for computer 
programming. 


APPENDIX: Asthma score* 


Score 

History 

0 

1 

2 

3 

4 

Parcni*5 assessment of seventy 

None 

Mild' 

Moderate 

Severe 


Wheezing. number of days 

None 

1-3 

4,182 

1183-365 


Medication, number of days 

None 

1-3 

4-30 

31-182 

183-365 

Conicosicroid medication 

None 



Yes 


Wheezing on exertion 

None 

Yes 





•Numeric score indicating severity assigned to each feature in the history. 
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Defective antipneumococcal polysaccharide 
antibody response in children with recurrent 
respiratory tract infections 



Lieke A. M. Sanders, MD, Ger T. Rijkers, PhD, Wietse Kuis, MD, PhD, 
Annemarie J. Tenbergen-Meekes, MSc, 

Babette R. de Graeff-Meeder, MD, PhD, Idske Hiemstra, MD, and 
Ben J. IVL Zegers, PhD Utrecht, The Netherlands 

Background: Recurrent pyogenic infections arc knmvn to occur in patterns with an impaired 
response to polysaccharide antigens. Wr investigated the occurrence of deficient responses to 
pneumococcal capsular polysaccharides in patients with recurrent respirators tract und 
recurrent systemic infections . 

Methods: Forty-five patients * } .7 to 17. / years of aye, were immunized with 23-valcnt 
pneumococcal polysaccharide \xiccine. Antibody levels to seven pneumococt al serotypes (3. ^. 
6.4. 9X. M. I9F. 23F) were determined byELISA before and after immunization. In addition, 
patients received a booster immunization with diphtheria toxoid, tetanus toxoid: and 
poliomyelitis virus vaccine. 

Results: Thirn-five patients had minnal serum immunnylnhulin levels. Five-of'these patients 
tJJ** i had low antipneumococcal preimmunization antibody levels wul failed to respond to 
pneummoccal vaccination, whereas the response to booster immunization with protein anti yens 
was appropriate. Three patients were younger than 3 years old. and one had a family htston of 
lgG2 deficiency. Low f ?G developed in a fifth patient during fnllow-up. Ten patients, had a 
humoral immunodeficiency. Seven , of these patients failed to respoiul to pneumococcal' 
vaccination. 

Conclusions: We conclude that a defective immune response to polysaccharide antipens in 
patients requires long-term follow-up in distinguish transient maturatinnal delay from a 
persistent selective impaired response to polysaccharide antigens, which on occasion may 
precede the development of humoral immunodeficiency disease. (J ALLERGY Cus ImmuhOL 

1993:91:110-9.) 

Key words: Pneumococci, antepolysaccharidc antibodies, respiratory tract. Fallot, 
immunodeficiency, cell wall polysaccharide, otitis 
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The development of antibodies to polysaccharides 
of encapsulated bacteria such as Streptococcus pneu¬ 
moniae and Haemophilus influenzae type b in early 
life is much poorer than to proteins. For many poly¬ 
saccharide antigens, adequate antibody titers are not 
attained until the age of 18 io 24 months or later after 
infection or vaccination with polysaccharide vac- 
cines. 1 ** The key component of the host defense 
against encapsulated bacteria is opsonophagoevtosis 
of the microorganism for which the presence of spe¬ 
cific anticapsular antibodies, complement and phago- 

0091^*49793 *1.00 * .10 
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